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Abstract Seminal experiments are discussed to prove or
disprove the possibility of producing and detecting colli-
mated coherent beams of low-energy neutrinos with the
assistance of lasers. Expressions are given for the relative
probability that a laser-beam-aligned co- or counter-
propagating neutrino-antineutrino pair is emitted instead of
a laser photon, during stimulated de-excitations of lasable
excited states inside a lasing medium. For a neodymium
laser this probability is approximately 10-7. To detect
coherent beams of epithermal neutrinos and antineutrinos
emitted from a pulsed high-power laser, it is anticipated
that resonant non-absorptive stimulated de-excitations of
lasing levels by neutrinos can be exploited to register their
fly-through in a second near-threshold laser.
1 Introduction and history
The concept of producing and detecting collimated coherent
beams of low-energy neutrinos with the assistance of lasers
was first proposed [1] by the author in 1967 and incompletely
explored in interrupted lab experiments in 1971. The main
difference between the present re-investigation and the one
in 1967 is that validity of the old neutrino theory of photons
(NTP), once investigated by Max Born, Louis DeBroglie,
R. Kronig, and other physics luminaries, [2–9] is not invoked
as a co-requirement for the validity of generating possible
coherent neutrino beams. As illustrated in Fig. 1, it is
conjectured that emissions of co- or counter-propagating
recoiling neutrino–antineutrino pairs can be a substitute for
photon-emitting atomic de-excitations, but with many
orders-of-magnitude lower probability than the photon
emissions. To detect such neutrinos, stimulated resonant
de-excitation instead of absorption is proposed as the
basic mechanism for detection. Straight-through-the earth
neutrino-carried communications between ships, aircraft,
satellites, and land-based stations would become feasible if
one can generate and modulate coherent neutrino beams, and
can observe (demodulate) their presence. Detection and
demodulation appears possible by utilizing fly-through
neutrino-stimulated de-excitations (no need to catch them)
of lasing atoms or molecules in near-threshold lasers.
Clearly, besides advancing physics, a large number of new
applications can be envisioned for coherent neutrino beams,
some of which were reviewed in a patent issued in 1980 [10].
The neutrino has never been fully exploited primarily
because it is very difficult to detect and observe. It may be
likened to the photon in that it appears to move at the speed
of light with no mass. Its spin is s = h, whereas a photon
has spin s = 0, nh, where n is an integer. It appears not to
react with the electromagnetic field due to the fact it is not
absorbed by materials. In an ordinary photon absorption
process, an integral spin change of Ds = ±nh is required to
conserve spin. Since, a single neutrino has only spin
s = h, it is not absorbable. It allows neutrinos to pass
straight through the earth un-impeded. However, this
restriction does not prevent a resonant neutrino to stimulate
the de-excitation of an excited ion, atom, or molecule in a
fly-by event without being absorbed. In short, while pho-
tons with integral spin s = 0, 1 can be absorbed or emitted
by matter in molecular interactions that demand ±Ds = 0,
1,…, neutrinos with s =  can still stimulate de-excitations
without being absorbed.
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Neutrino research to date has focused mainly on neu-
trinos with energies in the MeV region, produced in beta
decay and other nuclear processes in reactors, accelerators,
the sun, and various stellar bodies. Three neutrino ‘‘fla-
vors’’ have been observed, namely those produced in
association with beta decay (e-neutrinos), those with muon
decay (l-neutrinos) and those with tau-particle decay
(s-neutrinos). The energy spectrum of neutrinos emitted in
beta decay is not discrete and varies continuously between
0 and 8 MeV. That is, low-energy eV neutrinos do exist
and are emitted in great numbers but are virtually unex-
plored. Only MeV neutrinos have been investigated so far
because their presence can be (and are) observed by inverse
beta-decay absorptions in nuclei, in spite of very low cross-
sections that demand enormously large scintillator detec-
tion volumes. In contrast, if verified, the generation and
detection of our low-energy e-(anti)neutrino fluxes requires
only a high-power pulsed source laser (SL) for neutrino
beam generation, and a low-power CW laser for detection
(DL) as shown in Fig. 2.
Presently it is believed that electron–neutrinos can
morph into muon-neutrinos and vice versa, which pre-
sumes that (some) neutrinos must have mass. Propagation
of electromagnetic quanta through space at the speed of
light requires them to be mass-less, however, and the
simultaneous arrival (after 170,000 years of travel!) of
photons and neutrinos from a supernova event observed on
23 February 1987, proves at least some neutrinos must be
mass-less. Thus, we assert that mass-less electromagnetic
quanta can be propagated either by photons with spin
s = 0, 1, …(in units of h) or by neutrinos with s = . We
further adopt the experiment-compatible picture that low-
energy e-neutrinos are mass-less, but that l- and s-neutri-
nos may have some mass. Mass-less e-neutrinos could
morph into l-neutrinos with mass ml only if they are
energetic enough (perhaps at supra-keV energies). Know-
ing that mass-less gammas with energies above
mc = 1.022 MeV can morph into massive e
-e? pairs, one
might likewise expect that mass-less e-neutrinos could
transform into mass-carrying l-neutrinos with mass ml at
high energies. If the rest-mass ml were known, one can
calculate a lower limit for e-neutrino energies below which
such morphing into a l-neutrino is impossible. In what
follows we shall only consider sub-keV e-(anti)neutrinos
that are mass-less and lack the energy to materialize
(‘‘sterile’’ neutrinos?). We shall omit pre-scripts ‘‘e-’’, since
only mass-less electron (anti)neutrinos are under consid-
eration from here on.
In producing and detecting neutrinos, we utilize the
process of stimulated emission (SE). Einstein proposed this
interaction mechanism in 1917 to supplement then-existing
emission–absorption theories for photons. The SE process
was originally thought to have only minor effects and was
not more thoroughly investigated till the 1950s, which lead
to the birth of the laser in 1960. In lasers, photon undula-
tion frequencies xc = xL are resonant with the n $ k
Fig. 1 Classical depiction of neutrino-antineutrino-pair emission
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transition frequency xkn = Ekn/h of photon-emitting exci-
ted (‘‘pumped’’) atoms or molecules, i.e. xc = xL= xkn.
Besides enabling lasers, the SE mechanism was also suc-
cessfully used in 1958 by Mossbauer to induce gamma-
stimulated emissions from excited nuclei. Laser photons
generate secondary laser photons via SE of excited atoms,
but are not absorbed in that process (spin exchange is not
involved). Inside an optical resonator this promotes photon
multiplication and the build-up of a coherent monochro-
matic laser beam. We now postulate that in a laser,
(anti)neutrinos with resonant undulation frequencies
xm = xm = xkn = xL can also induce photon-emitting
n $ k transitions via absorption-less SE that does not
involve spin exchange. This opens up the possibility of
detecting resonant coherent (anti)neutrino beams discussed
further below.
The SE process in lasers might not only allow the direct
detection of neutrino ‘‘fly-throughs’’ without their absorp-
tion, but it should also generate low-energy neutrino-pair
emissions now and then, in place of a laser photon emis-
sion. Such emissions produce two co- or counter-propa-
gating neutrinos with equal or opposite momenta and spins,
moving in the same or opposite direction (Fig. 1) under the
full obedience of all conservation laws for energy,
momentum, and spin. This second-order process is similar
to a Raman interaction in which a new outgoing photon and
exciton are exchanged for one incoming photon. It also
resembles in some ways the decay of mesons discussed in a
paper by Sternglass [12] titled ‘‘Electron–Positron Model
of Charged Meson and Pion Resonances’’. Although the
present model with quarks has replaced Sternglass’ more
physically anthropomorphic theory of 1965, the agreement
of Sternglass’ models with measured meson lifetimes and
masses gives it a considerable credibility. Similar to
Sternglass’ concept, who visualizes mass-possessing elec-
trons and positrons as ‘‘curled-up’’ packets of electric
matter and anti-matter bundled up in mesons, one might
view neutrinos and antineutrinos as ‘‘un-furled’’ mass-less
electromagnetic energy quanta that are occasionally
released by excitons as an alternative to the emission of a
single photon. In short, analogous to some meson decays,
the occasional exciton conversion into a neutrino–anti-
neutrino pair seems reasonable. We label the latter ‘‘mm
pairs’’ with the tacit assumption they recoil in the same or
opposite directions.
An earlier version of the present concept was described
in a research proposal [1] to ARPA in 1967 and was also
disclosed in a patent issued in 1980 [10]. In the earlier
version, it was assumed that for neutrino pair production it
was necessary to employ a laser medium which had an
intermediate energy level half-way between the upper and
lower lasing levels. It is now believed this is unnecessary.
The earlier proposal was neither funded nor seriously
considered because at the time no new government R&D
projects were accepted unless directly related to the Viet-
nam-War effort. In addition, while no official answer was
received from ARPA in 1967, it is believed that peer
reviewers (if any) of the proposal, might have been
Fig. 2 Experimental coherent neutrino generation and detection system
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skeptical about the validity of its underlying physics which
referred to the ‘‘Neutrino Theory of Photons’’ (NTP) to
support the possibility that low-energy neutrino pairs might
be generated with lasers. In the 1930s, the NTP concept
was seriously considered by prominent physicists such as
Louis DeBroglie, Max Born, and R. deL. Kronig [2–5], and
re-considered in the mid-1960s by Perkins [6] and by
Ferretti and Venturi [7]. In this model, it is assumed that
photons are composed of co-traveling neutrino–antineu-
trino pairs (Fig. 1b). However, two respected nuclear
physicists, Pryce [8] in a 1937 paper and Berezinski [9] in a
1965 paper rejected the NTP model, showing it did not
remain invariant under reference-frame rotations as
demanded by basic physics. Reservations of reviewers (if
any) of the 1967 proposal were most likely based on Pry-
ce’s and Berezinski’s objections to the NTP. Although
Perkins [11] later rebutted these objections, the concept of
generating and detecting epithermal neutrino beams as
proposed here does not depend on the NTP.
In 1971, the author decided to execute his proposed
experiment without government funds. On a small private
budget, two neodymium lasers were rented from the Korad
Corporation and tests were carried out for 2 days at
Korad’s facility in Santa Monica, California. One of the
neodymium lasers was a powerful pulsed unit and the other
a near-threshold low-power CW (continuous wave) device,
arranged as illustrated in Fig. 2 and discussed in the 1967
ARPA proposal document [1]. The Korad tests did not
unequivocally prove or reject the conjectured possibility of
producing and detecting low-energy neutrinos. When the
pulsed laser was fired, a signal was seen at the detector of
the CW threshold laser in spite of blockage of the pulsed
laser output by a brick to prevent laser photons from
entering the CW unit, while permitting the assumed neu-
trinos to pass through. However, it is believed these signals
were produced by interference via the electric net between
the Pockels-Cell trigger of the pulsed laser and the CW
threshold-laser output detector. It was planned to repeat the
Korad experiments with avoidance of possible interference
between monitoring sensors of the two lasers using isolated
batteries. But this plan was never executed due to lack of
funds and the closing of Korad’s facility a few months
later.
As mentioned, the proposed production and detection
of low-energy neutrinos does not rely on the old NTP. The
co- or counter-propagating mm-pairs leave an atomic or
molecular de-excitation event in a laser in directions along
the laser beam, and can be considered as two aligned
recoiling particles. They do not need to be viewed as
half-components of photons. Such less frequent mm-pair
emissions involve three-quantum transitions and are com-
parable to three-quantum photonic Raman conversions,
whose probability is also much smaller than that of a single
photon absorption or emission event, but not impossible.
Perkins’ revival of the NTP concept in 1965 was partly
based on a two-fold 2-component neutrino model. How-
ever, that model is not explicitly needed in the present
concept for assessing the possibility of generating and
detecting low-energy neutrinos utilizing lasers. There have
been debates in the literature whether the neutrino has two
or four distinguishable manifestations, namely: (1) a neu-
trino with right-handed helicity; (2) a neutrino with left-
handed helicity; (3) an antineutrino with right-handed
helicity; (4) an antineutrino with left-handed helicity. If
low-energy neutrinos are mass-less as we believe, then like
the photon, the only reality is a distinction between left-
handed and right-handed neutrinos. For both the photon
and e-neutrino the anti-particle is undistinguishable from
the particle and behaves exactly the same, except for
helicity. Experimentally, it has been proven that antineu-
trinos produced in nuclear-reactors due to beta decay have
right-handed helicities, while neutrinos emitted by the sun,
supernova, and accelerators, spiral left-handedly as they
propagate through space.
Although the experimenters were unaware of it, proof
that low-energy neutrinos can directly stimulate de-exci-
tations of excited states in lasers without being absorbed,
may already have been demonstrated experimentally.
Experiments carried out by Compton [13] in 1964 at
General Atomics produced unexpected unexplainable
results which can be interpreted as due to neutrino-stimu-
lated de-excitations. Compton originally attempted to
induce lasing action in neodymium and ruby laser rods
using scintillator-emitted pump light activated in turn by
reactor gammas. Instead, he found that functioning opti-
cally pumped lasers ceased to lase during a reactor pulse
when placed close to the core of a pulsed TRIGA research
reactor, even if heavily shielded from gamma and neutron
irradiations. Compton [13] conducted exhaustive tests to
determine if color-center formation and/or other known
reactor-radiation effects might have been responsible. All
plausible causes were eliminated as being too weak to
cause cessation of laser action in the shielded lasers during
a reactor pulse. Also, the optically pumped lasers resumed
operations again after the reactor pulse had subsided. To
date this effect has remained unexplained. It is the author’s
belief, however, that the effect was due to neutrino-stim-
ulated de-excitation and disturbances of lasing inversions
in the neodymium and ruby laser rods. While low-energy
sub-keV neutrinos created in nuclear fission are distributed
over a wide range of energies (i.e. frequencies), and most
were not coincident with the lasing transition frequency,
the number of omni-directionally emitted neutrinos in a
4,000 MW millisecond reactor pulse is enormous. A high
flux and a sufficiently broadened resonant width for neu-
trino-stimulated emissions could easily have produced
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excessive de-excitations of upper lasing levels, causing
momentary cessations of lasing. At its pulse peak of 4 GW,
the TRIGA releases approximately 1.5 9 1021 neutrinos
per second of which perhaps 1019 neutrinos per second
passed through Compton’s lasers. The 100 mW neodym-
ium lasers at 1.06 lm of the 1960s were pumped with
about 5 9 1017 excitations per second, so that stimulated
de-excitations by a resonant fraction (*1 %) of the neu-
trino flux could easily interrupt lasing action.
To support our conjectures, three fundamental phe-
nomena must be experimentally (re)verified: (a) Can neu-
trinos stimulate the de-excitation of excited states in lasable
media; (b) Can stimulated emissions by photons in a laser
generate a weak overlapping beam of coherent neutrino/
antineutrino pairs in addition to generating a photonic laser
beam; and (c) Is the relation between energy 2 and fre-
quency x for neutrinos 2 = hx, or is it 2 = hx, or ghx
(see below)?
2 Calculated emission and detection probabilities
We now summarize theoretical expressions for low-energy
neutrino interaction rates that involve (1) spontaneous mm
pair emissions, (2) photon-stimulated mm pair emissions, and
(3) m- or m-stimulated de-excitations. Some of the calcula-
tions were done more than 40 years ago [1], but little has
changed in the recipes used for calculating quantum–
mechanical transition rates. Some errors in the older material
were corrected and revised. The following basic assumptions
are made about the neutrinos considered here: (a) Low-
energy neutrinos travel at the speed of light and are
mass-less; (b) There are only left- and right-handed
(anti)neutrinos, most neutrinos from the sun propagate with
left-handed spins along their travel path, while anti-neutrinos
emitted primarily by nuclear reactors propagate right-
handedly. Both neutrinos and anti-neutrinos carry spin
s = 1/2h (h = h/2p, where h is Planck’s constant); (c) For
neutrino detection, the process of stimulated catalytic de-
excitation (with photon emission) of atomic or molecular
excited states is effective; (d) Neutrino-antineutrino pairs
(mm pairs) can be generated in stimulated emissions (SE) as an
alternative second-order effect to single photon emissions.
While it has been proven that neutrinos have spin
s = h, it is not known whether they are propelled with
energy packages of 2m = hxm, 2m = hxm, or with
2m = ghxm at undulation frequencies xm (= 2pmm) rad/s.
Since, mass-less circularly polarized photons with spin
s = 1 (in units of h) do exchange energy quanta of
2c = hxc and the same holds for photons with s = 0, one
can argue that the energy quanta of spinning (anti)neutrinos
with s = 1/2 should also be 2m = hxm. Furthermore,
electrons with spin s = 1/2 undulate at x = 2/h as well,
though they are not mass-less like low-energy neutrinos.
Unfortunately, neutrinos cannot exchange energy packages
with atoms so one cannot verify the relation between 2m
and xm by the photo-electric effect. If the NTP [2–9] was
correct, one might be persuaded to assume 2m = hxm.
But even if the NTP is flawed, it does not preclude that
2m = hxm. Thus, subject to experimental verification, the
neutrino’s undulation frequency xm is assumed to be rela-
ted to neutrino energy by either 2m = hxm or 2m = hxm.
Though unlikely, one might even find that 2m = gxm,
where g is a new constant.
2.1 Spontaneous emission of a neutrino pair
Assuming a semi-classical model for atomic/molecular
transitions, it can be deduced [1] that the spontaneous
emission probability of a mm-pair emission in a transition






lknj j=ðhcÞ½ 4 E5kn= h5c4
  





¼ 2:236 hykni4E5kn; s1
ð1Þ
Here Ekn = Ek - En is in eV and hykni is in units of A˚ in
the last member of (1). The parameter lknj j is the usual
dipole matrix element for an atomic or molecular k ? n
transition, which can be equated to ehykni. That is, in the
second part of (1) and in all that follows, we prefer to use
the displacement matrix element:




with y = Cartesian displacement X = Integration space
around atom where wave-functions are non-zero wn,
wk = Wave functions for atomic states n and k. Using
Eq. (2) in our relations facilitates using the dimensionless ratio
e2/(hc) = 1/137 in the rest of the expressions. The spontaneous
mm-pair emission of (1) involves a second-order exchange of
three quanta like in the Raman Effect, and is weaker compared
to a first-order two-quantum interaction in the spontaneous
emission of a single photon with probability [14]:
sponk
ðcÞ
kn ¼ ð8p=3Þ e2=ðhcÞ
 hykni2E3kn=ðh3c2Þ




kkn ¼ 0:940  107hykni2E2kn ð4Þ
with Ekn in eV energy units, and hykni in A˚. For typical
values of hykni & 1 A˚ and Ekn & 1 eV, it is clear that
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such a small mm-pair emission probability is difficult to
detect. This is as expected, since, otherwise discrepancies
in the energy conservation laws of photon emission would
have been noticed long ago.
2.2 Stimulated emission of a neutrino pair
Next, we consider stimulated emissions of a mm pair due to
the interaction of a resonant photon with an excited atom or
molecule. Using the semi-classical theory of radiation, one
calculates that the probability of such a photon-stimulated
mm-pair emission for an electronic transition between
energy levels Ek and En (with Ek [ En) can be expressed
by:
ðc!mmÞkkn ¼ ½26p3e4=ð3h5c4Þhykni4E2knILðxc ¼ xknÞ=Dxkn
¼ 0:2853hykni4E2knILðxc ¼ xknÞ=Dxkn; s1
ð5Þ
Again in the second expression, hykni, is in Angstroms,
Ekn = Ek - En is in eV, while IL is laser power intensity in
Watts cm-2, and Dxkn, is in cm
-1. For a neodymium laser for
example with hykni & 1 A˚, Ekn & 1 eV, IL = 1 W cm-2,
and Dxkn & 1 cm
-1, one thus, finds that the probability of
producing mm pairs is 0.2853 s-1 per lasing atom. This
compares with the photon-stimulated photon emission rate
per lasing atom of 3 9 106 s-1 according to the following
relation [14]:
ðc!cÞkkn ¼ ð4p2=3hÞðe2=hcÞ
 hykni2 ILðxc ¼ xknÞ=Dxkn
 




Thus, the ratio of the two emission probabilities is:
ðc!mmÞkkn=
ðc!cÞ
kkn ¼ 0:940  107hykni2E2kn; ð7Þ
with hykni in A˚ units, Ekn in eV, IL in Watts cm-2, and
Dxkn in cm
-1 again in the last part of (6) and in (7). As
expected, this ratio is the same as for spontaneous
emissions.
In mm-pair emissions, the resonant stimulating photon has
energy hxc & Ek - En = Ekn and it is postulated that this
photon leaves the encounter unchanged with energy hxc.
Assuming [m = hxm, we then have hxm = hxm = Ekn or
xm = Ekn/h = xc, each (anti)neutrino taking half of the
available atomic transition (exciton) energy of Ekn. On the
other hand if [m = hxm, the mm-pair emitted in the stimu-
lated emission would have energieshxm =hxc = Ekn,
and the neutrino undulation frequency is the same as that of
the laser photons, i.e. xm = xc = Ekn/h. In both cases, the
transition involves a three-quantum interaction with con-
version of an exciton into a neutrino ? antineutrino pair,
stimulated by a resonant incident photon which remains
unaffected. But in the first case, the detection laser (DL) must
operate at a different resonant frequency xDL = xm = Ekn/
h = xSL instead of xDL = xSL = Ekn/h.
It may be possible that the incoming photon with energy
hxc together with the exciton with energy Ekn are con-
verted into a neutrino-antineutrino pair. Then if one
assumes energies [m = hxm = hxm, one finds that xm =
xm = xc = Ekn/h must hold. [If [m = hxm = hxm one
finds xm = 2xc = 2Ekn/h]. However, this is a four-quan-
tum exchange (photon ? exciton) ? (neutrino ? anti-
neutrino), which has a lower probability than a three-
quantum (exciton) ? (neutrino ? antineutrino) exchange
interaction by a factor *10-2 or less.
While xm = xc = xSL = Ekn/h appears most
likely, it is uncertain which mechanism (a 3- or 4-quantum
exchange) might produce a mm pair emission. If xm = xc,
the detection laser (DL) can advantageously use the same
laser medium as the SL, with xDL = xSL = xm = xc (as
was postulated in the first tests at Korad in 1971—see Sect.
1). Otherwise the laser frequency of the DL unit must equal
xDL = xm = xSL = xc. For a neodymium laser one
finds from (7) that ðc!mmÞkkn=
ðc!cÞ
kkn & 10
-7. Thus, in a
neodymium SL, one of every 107 stimulated de-excitations
should yield a mm pair instead of a photon. Though weak,
these beams of neutrinos and antineutrinos are emitted
monochromatically and coherently, traveling along the
same laser axis and exiting at both ends from a cylindrical
lasing medium. For a pulsed 1 MW neodymium laser with
an internal peak laser photon flux of 6 9 1024 photons
cm-2 s-1, one generates pulsed beams of 3 9 1017 neu-
trinos cm-2 s-1 coming out of each end of the laser tube or
rod, composed of a 50-50 mixture of neutrinos and anti-
neutrinos.
2.3 Stimulated de-excitations by single neutrinos
or antineutrinos
The probability of stimulated de-excitations and photon






y2knEkn umðxm ¼ xknÞ=DxknÞ½ 
¼ 4:862  1013y2knEkn umðxm ¼ xknÞ=DxknÞ; s1
 
ð8Þ
where the neutrino flux um is in neutrinos cm
-2 s-1, ykn is
in A˚ units, Ekn = Ek - En is in eV, and the resonance
spread Dxkn is in cm
-1. The main assumption here is that
neutrinos do carry undulating electromagnetic energy just
like photons except they possess spin  instead of 0 or 1
for photons. Like photons however, they can induce the de-
excitation of resonant lasable levels without being
absorbed when xm = Ekn/h = xL. That is, for neutrinos
undulating at frequency xm that matches a laser-resonant
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transition frequency Ekn/h = xL in a medium with a
lasable n ? k population inversion, the probability of
stimulating a de-excitation of the upper lasing level Ek with
emission of a photon with frequency xc = Ekn/h = xm,
should be the same as it is for resonant photons with
xc = Ekn/h = xL that cause lasing. Then the ratio between
the probability of a photon-stimulated de-excitation with
laser photon emission and that by a neutrino- or antineutrino-







kn ¼ umðxm ¼ xknÞ=uLðxL ¼ xknÞ ð9Þ
In summary, a pulsed neodymium SL laser with
ykn & 1 A˚, Ekn & 1 eV, Dxkn = 1 cm
-1 at 1 MW peak,
generating a peak coherent neutrino beam of 6 9 1017
neutrinos cm-2 s-1, could stimulate as many as 3 9 1017
extra de-excitations per second per cm2 in an aligned CW
milli-watt DL laser which normally experiences 2.5 9 1015
de-excitations cm-2 s-1 internally due to photon-
stimulated emissions. Such a neutrino pulse would
perturb lasing action dynamics in the low-power DL laser
which can be observed via the laser output from this second
unit. The only question is if the undulation frequency xm of
neutrinos generated in the first neodymium laser should
equal the laser frequency xL of a second (neodymium)
laser, or if it should be half that value as discussed. In the
latter (most likely) case, one must use a different
(holmium) laser for the detection laser unit.
3 Proposed experiments
To verify our predictions about laser-generated neutrino
beams, the following tests are planned:
3.1 Experimental verification with neodymium-
and holmium-doped solid lasers
A pulsed neodymium laser with a peak pulse power of
*1 MW or higher can be considered for a possible SL as
illustrated in Fig. 2. Such a laser should produce a strong
collimated pulsed beam of monochromatic neutrino pairs.
Assuming that the internal peak power of the neodymium
laser is *1 MW/cm2 or an internal peak flux of 6 9 1024
photons/cm2 per second at kL & 1.06 lm, it should gen-
erate and emit a neutrino beam of 3 9 1017 neutrinos cm-2
per second out of each end, according to Eq. (7). This
coherent neutrino beam emerging from both ends of a
cylindrical neodymium laser rod will propagate along the
same axis as the photon laser beam.
To detect the emitted neutrino beam, a second low-
power CW detection laser (DL) will be placed in the path
of the photon beam from the neodymium SL. The DL will
be placed some distance away (e.g. 50 cm) from the
neodymium SL with its axis optically aligned with the SL
laser output beam (Fig. 2). In the alignment procedure, the
SL photon output beam should be highly attenuated before
it enters the low-power DL laser to avoid damaging it.
Assuming that [m = hxm = hxSL, a suitable DL unit
would be a CW holmium-doped (Ho3?) erbium-oxide laser
with kL = 2.123 lm, i.e. at half the laser frequency of the
neodymium SL with wavelength kL = 1.0615 lm. To
avoid missing the discovery that neutrinos might carry
energy quanta [m = hxm = hxSL as discussed in Sect.
2.2, possible detection of the SL neutrino beam should also
be checked with a low-power CW neodymium DL laser.
After optical alignment of the SL and DL lasers, a light-
blocking material (e.g. a brick) is placed in the path of the
external SL laser beam, so that only neutrinos can pass
through it to enter the DL laser as shown in Fig 2. A low-
power holmium-based continuous DL laser might typically
emit about 1 mW/cm2 = 1.2 9 1016 photons/cm2 per
second near threshold with kL = 2.12 lm. With 95 %
reflective end-mirrors, the intra-cavity DL flux level would
then be about 1.2 9 1017 photons/cm2 per second. Then,
when a pulsed SL neutrino beam enters the aligned DL
with a flux of 3 9 1017 cm-2 s-1of resonant neutrinos, it
can briefly enhance and depress (after excessive upper-
level depletion) the stimulated emission rate in the DL.
This can be readily observed as a pulsed signal in the DL
laser output. The microscopic cross-section for photon-
stimulated emissions as well as for neutrino-stimulated
de-excitations is about 10-18 cm2. Since, the density of
lasable excited states is * 1016 holmium ions per cm3 for
a near-threshold Ho laser, the macroscopic cross-section
will be Rmstim & 10
-2 cm-1 or the attenuation length
lmfp & 10
2 cm = 1 m. With these parameters, a 10-cm-
long holmium-doped erbium-oxide DL rod aligned with
the SL, would experience *3 9 1016 additional emissions
per cm2 per second during passage of the neutrino pulse of
3 9 1017 neutrinos cm-2 s-1 from the SL. The internal DL
laser photon flux of *1017 photons cm-2 s-1 will then be
perturbed briefly during passage of the SL pulsed neutri-
nos, which can be recorded by the DL laser output as
shown in Fig. 2. That is, during passage of the neutrino-
stimulated de-excitation pulse, the DL output should briefly
go up and then dip down before returning to its original
level.
To insure that electrical interference from the pulsed SL
does not produce a false signal on the power meter of the
DL, it is important that complete electromagnetic isolation
between the electronic circuits of the pulse generator and
the detector’s oscilloscope be maintained. Separate bat-
teries might be used to empower these circuits. Clearly
before any neutrino experiments are conducted, the aligned
SL and DL systems should be tested to assure there is no
mutual electronic or optical interference.
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3.2 Experimental verification with CO and CO2 gas
lasers
Another suitable pair of SL/DL lasers is a CO laser with
wavelength kL * 5.3 lm as the SL unit, and a CO2 laser
with kL * 10.6 lm as the DL unit. The CO2 laser has a
large number of rovibrational lines of which some have
frequencies that coincide with half the frequency of some
of the CO laser’s rovibrational lines. For example, the CO
laser line at kL = 5.44239 lm produced by CO’s rovibra-
tional transition (v = 11, J = 13) ? (v = 10, J = 12) is
nearly coincident with half of the wavelength
kL = 10.88473 lm produced by CO2’s lasable rovibra-
tional transition (v3 = 1, J = 46) ? (v1 = 1, J = 45).
Here J is the rotational quantum number of a CO or CO2
molecule and v is its vibrational level. A drawback of these
mid-infrared lasers is that Ekn = 0.1–0.2 eV compared to
Ekn * 1 eV for a near-infrared neodymium laser.
According to Eq. (4), the neutrino flux emitted by a pulsed
CO SL is then lower by a factor *10-9 instead of * 10-7
relative to the intra-cavity laser photon flux. Peak intra-
cavity power levels of 100 kW/cm2 or 2.86 9 1024 pho-
tons cm-2 s-1 generated by a pulsed Q-switched CO laser
would, thus, produce 2.86 9 1015 neutrinos cm-2 s-1. A
continuous CO2 laser operating at the 10.88473 lm line
with intracavity flux of 1015 photons cm-2 s-1 or
0.07 mW/cm2 could detect such fly-through neutrinos.
Again, to investigate the possibility that neutrinos carry
energy quanta [m = hxm = hxSL instead of
[m = hxm = hxSL as discussed in Sect. 2.2, detection of
the SL neutrino beam should be checked with a low-power
continuously running CO detection laser as well. As before,
a laser beam blocking object like a thick solid brick should
be placed between the aligned CO laser source and the CO2
(or CO) detection laser to assure that only non-absorbable
neutrinos enter the DL. Following axial alignment of the
DL and SL lasers (placed about 50 cm apart), the DL unit
should be totally shielded optically from any infrared laser
photons emitted by the SL unit. Not a single SL laser
photon should be sensed by the photo-detector that moni-
tors the laser power of the DL laser. As before, great care
must also be taken that no electrical noise from the high-
power pulsed SL is picked up by the DL photo-detector. In
earlier exploratory tests, laser photons from the high-power
pulsed SL laser had scattered off the beam blocker placed
between the SL and DL units. After re-scattering from
nearby walls and other objects, some of these photons were
still able to enter the DL’s photo-monitor, giving a false
neutrino signal. This possibility must be eliminated to
assure that the weak fly-through neutrino beam signals in
the DL are not overwhelmed by weak signals from stray SL
photons.
3.3 Experimental re-verification of reactor-produced
low-energy neutrino interactions with lasers
The unexplained quenching of lasing due to high-power
TRIGA research reactor pulses observed at General Ato-
mics in 1964 [13] as described at the end of Sect. 1, should
be re-investigated with the view that low-energy neutrinos
produced during fission may cause such disruptions.
Recently, truck-mounted high-energy (MeV) neutrino
detection chambers have been deployed near nuclear power
reactors to monitor U-235/Pu-239 loadings. A similar
mobile MeV neutrino detector might be used to follow the
pulsed neutrino outputs of a TRIGA reactor for our present
research to verify and explore the laser-quenching by low-
energy (sub-keV) reactor neutrinos. The pulsed fluxes of
low-energy neutrinos are proportional to and can be
derived from the high-energy MeV neutrino emission data.
Like Compton [13] did, a gamma- and neutron-shielded
CW-operated Nd or CO laser together with output power
meter, should be placed in a light-tight box next to the
TRIGA reactor core. The laser outputs should then be
monitored as the TRIGA is pulsed to multi-megawatts of
peak fission power. Before laser tests are conducted, the
gamma and neutron flux levels inside the shielded light-
tight box during a reactor pulse must be measured without
any lasers present. This is to insure that the lead-shielding
against gammas and boron-shielding against neutrons are
adequate to avoid color-center formations in neodymium
rods or adverse excited molecular populations in the CO
laser gas that halts the lasing action. The lasers should then
be subjected to the same residual pure gamma and pure
neutron irradiation levels from independent non-reactor
sources to insure that lasing is not interrupted by residual
gammas and neutrons leaking through shielding around the
box. If such interruptions do not occur, then with an
operating laser in the box and with the TRIGA pulsing, one
has reasonable assurance that any observed lasing stoppage
must be caused by fly-through neutrinos and not by leaked
reactor gammas or neutrons.
4 Conclusions
Based on the revised analysis of an earlier neutrino physics
study [1], and some puzzling 1964 experiments of the
interaction of a pulsed TRIGA reactor with lasers at Gen-
eral Atomics [13], an experimental demonstration of the
generation and detection of low-energy coherent neutrino
beams with the assistance of lasers is indicated. It would
considerably expand our knowledge of these elusive quanta
and of physics in general. A positive outcome of such tests
would conclusively settle the question whether neutrinos
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are of electromagnetic origin and can be active in the
atomic as well as nuclear domain. If the proposed detection
of neutrinos via stimulated emission is successful, one can
also ascertain whether their energy quanta are related to
their undulation frequencies by [m = hxm or [m = hxm.
Because they are not absorbable by molecular or atomic
matter (except by nuclei if [m [ 1 MeV) and can travel
unimpeded through the earth, seas, and mountains, neutrino
beams could be used as information carriers using tech-
niques similar to those employed in today’s photonic
broadcasts of information [10]. Non-absorbable beams of
bunched coherent neutrinos may still experience diffractions
and refractions and could be used to map out ore bodies and
other interior features of the earth, mountains, or oceans.
Just like the laser was initially looking for an application
after its debut in 1960, so the coherent neutrino beams are
expected to find many other applications besides fly-through
transmissions of information or geophysical probing.
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